Neonatal hyperbilirubinemia is observed during the first week of life in approximately 60% of term infants and 80% of preterm infants [1] .
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The aim of this study is to evaluate the predictive value of cord blood bilirubin and albumin in identifying neonates for subsequent hyperbilirubinemia.
This is a Prospective cohort study that was conducted on 75 neonates, 34 females and 41 males. This study was a multicentric study that was conducted in Kasralainy hospital, National Research Centre, Egypt and Alazhar university hospitals during the period from February 2017 to May 2018.
Inclusion criteria
Patients and Methods • Significant illness (sepsis, RDS (Respiratory distress syndrome), hypoxia that could aggravate hyperbilirubinemia.
Aim of the Work
• Neonates with gestational age 35 weeks or more. • Any mode of delivery, both genders. • APGAR score over 7 at the first minute and 10 at fifth minute of life. • Absence of significant illness or a major congenital malformation.
-Newborns with rhesus D blood group incompatibility are included to be one of the variables in the study as risk factor for hyperbilirubinemia (RH incompatibility).
Exclusion Criteria
All cases were subjected to: 1-Full history taking with emphasis on the antenatal and perinatal history (maternal illness, maternal drugs, fever), risk factors for hyperbilirubinemia e.g. ABO or RH incompatibility. Individual data from the mothers' medical records e.g. mode of delivery, the cause for Lower segment cesarean section (LSCS), recent & previous obstetric history, single or multiple pregnancies, past medical history. • Cord blood samples (3ml) were collected from all newborns that complied with the protocol inclusion criteria. The samples were sent for the assaying of total, unconjugated, conjugated bilirubin, albumin levels and baby's blood group and Rhesus factor ( Figure  1 ). • Method of umbilical cord blood collection: After delivery of the newborn, the umbilical cord was double clamped and transected within 10 seconds. As soon as the newborn was removed from the operative field, cord blood was collected as follows. The placentaside part of the umbilical cord was held straight at a slight angle downward. After identification of a suitable puncture site, the umbilical cord was cleaned, the umbilical vein was then punctured with sterile syring, approximately 3 ml of blood withdrawn from umbilical vein then put in a plain tube to be separated by centrifusion and then the serum tested for albumin & bilirubin.
• Follow up of babies was done after 72 hrs of age for serum bilirubin (total & direct) using a peripheral venous sample. • Bilirubin analyzed by Colorimetric Diazomethod using semiautomated analysis (5010), diazotized sulphanilicacid reaction using Diamond reagent. • Albumin analyzed by semi-automated SSbromcresol green dye-binding technique using Diamond reagent. • Babies' blood groups done manually using both anti-A and anti-B sera against the babies' serum and also rhesus D blood group analysis were made manually.
• We used these definitions for our study: • High risk group: is the group of cases who have RH blood group incompatibility ,also Newborn infants with maternal-fetal ABO incompatibility are at a greater risk for developing subsequent significant hyperbilirubinemia, and therefore ,prediction of probable risk factors, such as the degree of hemolysis, gains importance [8, 9] . • Significant hyperbilirubinemia: Serum bilirubin level ≥ 17mg/dl after 72 hours of life [10] . • Bilirubin/albumin ratio (B/A) might provide a better estimate of free bilirubin because it contains 2 of the 3 factors determining free bilirubin (TSB, albumin, and the albumin binding affinity).The relationship between free bilirubin and B/A has been studied by titration of serum samples and by measuring free bilirubin in serum of infants with varying B/A,but clinical evidence comparing the relationships of TSB and B/A with outcome is sparse [11] .
Laboratory investigation:
Thus, different authors have used different cutoff values for predicting significant jaundice. Early detection of risk factors is the first step towards prevention of hyperbilirubinemia and a step ahead in protecting newborns from complication at later age.
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Journal of Gynecology Research Data were coded and entered using the statistical package SPSS (Statistical Package for the Social Science) version 22. Data was summarized using mean, standard deviation, minimum and maximum in quantitative data and using frequency (count) and relative frequency (percentage) for categorical data.
ROC curve, the sensitivity of a clinical test, the specificity of a clinical test, The positive predictive value (PPV) and The negative predictive value (NPV) [12] .
The present study was conducted on 75 neonates. This study was a multicentric study that was conducted in Kasralainy hospital, National Research Centre, Egypt and Alazhar university hospitals during the period from February 2017 to May 2018.
Results
Our study included 54 fullterm (72%) & 21 late preterm (28%), 41 male (54.7%) & 34 female (45.3%). Forty seven (62.7%) infants were delivered by (Cesarean section) C/S & 28 were delivered by NVD (Normal vaginal delivery) (37.3%).
According to maternal blood group & Rh: the most common was O (38.7%) 29 cases, about 66 cases had RH positive (88%). Table 2 shows that the mean weight of the cases is 2.87 ± .58kg.The mean gestational age is 37.26 ± 4.28 weeks. We have grouped the cases according the level of serum bilirubin done after 72 hours of their life into positive cases who developed significant hyperbilirubinemia (42 cases accounts for 56%), and negative cases (33 accounts for 44% of cases). Table 3 show the relation between the level of cord blood albumin and development of significant hyperbilirubinemia ( Figure 2 ) .We categorized the cases into three groups according to their cord albumin level: At cord albumin > 3.3 g/dl → no cases developed significant hyperbilirubinemia. Table 4 shows that a cut-off level of cord blood albumin of 2.75g/dl as obtained by ROC curve was determined to have 64.3% sensitivity, 81.8% specificity & PPV 81.8% in the prediction of occurrence of significant hyperbilirubinemia.
ROC curve shows that the area under the curve was 0.805 of total area; p<0.001 indicating the usefulness of the test in predicting hyperbilirubinemia ( Figure 5 ). Table 4 : The sensitivity and specificity of cord blood albumin in detecting significant hyperbilirubinemia Table 6 shows that a cut-off level of cord blood bilirubin of 1.88mg/dl as obtained by ROC curve .It was determined to have 83.3% sensitivity, 60.6% specificity & PPV 72.9% in the prediction of occurrence of significant hyperbilirubinemia ROC curve shows that the area under the curve was 0.756 of total area; p<0.001 indicating the usefulness of the test in predicting hyperbilirubinemia ( Figure 6 ). Table 7 by using cord bilirubin-albumin to predict significant hyperbilirubinemia we found that a cut-off level of cord blood bilirubin-albumin of -0.6 as obtained by ROC curve was determined to have 73.8% sensitivity, 84.8% specificity & PPV 86.1% in the prediction of occurrence of significant hyperbilirubinemia. ROC curve shows that the area under the curve was 0.870 of total area; p<0.001 indicating the usefulness of the test in predicting hyperbilirubinemia ( Figure 7 ).
Area under curve P value 95% Confidence Interval Cutoff value Sensitivity (%) Specificity (%) Lower Bound Upper Bound
.756 <0.001 .644 .867 1.88 83.3 60.6 Table 6 : The sensitivity and specificity of cord blood total bilirubin in predicting significant hyperbilirubinemia In our study there were 25 neonates at more risk to develop hyperbilirubinemia: 18 cases with ABO incompatibility and 7 cases with RH incompatibility. Within the ABO group 12 cases (66.6%) developed significant hyperbilirubinemia, while in RH group about 5 cases (71.4%) developed significant hyperbilirubinemia ( Figure 8 ). Table 10 shows that among this group males represented about 48% of cases, 64% need phototherapy, while 8% needed exchange transfusion. According to maternal blood group the most common was O (92%), and between neonates the most common blood group was A (52%). Table 11 shows that the mean cord blood total bilirubin is 2.52mg/dl ± .80, mean cord blood albumin is 2.69 g/dl ± .82 and the mean total serum bilirubin after 72hs of life is 16.76 mg/dl ± 4.18. Table 12 that a cut-off level of cord blood albumin of 3mg/dl as obtained by ROC curve was determined to have 77.8% sensitivity, 71.4% specificity & PPV 87.5% in the prediction of the occurrence of significant hyperbilirubinemia ROC curve shows that the area under the curve was 0.829 of total area; p 0.012 indicating the usefulness of the test in predicting hyperbilirubinemia (Figure 9 ). Journal of Gynecology Research Table 13 shows that a cut-off level of cord blood bilirubin of 2.48 mg/dl as obtained by ROC curve was determined to have 72.2% sensitivity, 85.7% specificity & PPV 92.9% in the prediction of occurrence of significant hyperbilirubinemia. Table 16 show that a cut off level of cord bilirubin/albumin ratio of 0.79 in our study was determined to have 83.3% sensitivity, 85.7% specificity and PPV 93.8%. ROC curve shows that the area under the curve was 0.849 of total area; p value 0.008 indicating the usefulness of the test in predicting hyperbilirubinemia. .003 .740 1.030 -0.82 88.9 85.7 Table 14 : The sensitivity and specificity of using cord bilirubin -cord albumin in predicting significant hyperbilirubinemia in group at risk for ABO & RH incompatibility Table 14 by using cord bilirubin -cord albumin to predict significant hyperbilirubinemia we found that a cut-off level of cord blood bilirubin-albumin of -0.82 as obtained by ROC curve was determined to have 88.9% sensitivity, 85.7% specificity & PPV 94.1% in the prediction of occurrence of significant hyperbilirubinemia. ROC curve shows that the area under the curve was 0.885 of total area; p value 0.03 indicating the usefulness of the test in predicting hyperbilirubinemia ( Figure 11 ).
High risk group
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Discussion
About 50% of term and 80% of preterm newborns develop hyperbilirubinemia, which usually appears 2-4 days after birth, and resolves spontaneously after 1-2 wks [13] .
Because of the increasing number of early discharged newborns, there is a corresponding danger of failing to diagnose severe hyperbilirubinemia in time, as reports about kernicterus in full-term healthy newborns demonstrate. [14] .
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Our study results are similar to many other studies: where at CSA levels <2.8 g/dl, 58.35%, 95%, of newborns developed significant hyperbilirubinemia In all of the aforementioned studies at levels>3.3 g/dl ,no infants developed hyperbilirubinemia. However in the study by Trivedi et al; 12.68 % developed hyperbilirubinemia at CSA >3.5g/dl [8, 10] .
We performed a ROC curve analysis to find a cut-off point level of cord blood albumin for development of significant hyperbilirubinemia. It was 2.75g/dl; with a low sensitivity (64.3%), 81.8% specificity, PPV 81.8% and NPV 64.3%.
According to our study protocol, we further investigated the level of cord blood total bilirubin in our sample. The mean value was 2.13 ±0.83 mg/dl. This is near the results found by a previous study which was 2.38±0.5mg/dl [17] . However, other studies found a higher mean cord bilirubin as 2.7±0.3mg/dl and 3.7±1.07mg/dl [19, 20] . This higher level may be due to the higher mean gestational age in their study group 39.9 weeks versus 37.26±4.2 weeks in our study.
We report a quite high incidence of significant hyperbilirubinemia in our study. This high incidence is similar to previous studies in Egypt from 34%, up to a 54.3% [16] .
Many other studies have reported a lower incidence, Bhutani et al in 2000 (5-6%) [17] . (9.5%), (11.5%), Bernaldo and Segre in 2004 (19.86%), and (33.8%) [8, 10] . This difference may be attributed to the differences in racial and ethnic groups in different populations studied for jaundice .
It is stated clearly by several authors that male infants are more at risk of developing severe jaundice than their female counterparts These findings do not coincide with our study where we found no significant difference between the male and female distribution of our cases [8, 18] .
According the levels of cord blood albumin, we found that at cord albumin levels < 2.8 g/dl→81.8% of cases (27 cases) developed significant hyperbilirubinemia. At cord albumin 2.8-3.3 g/dl→ 46.9% of cases developed significant hyperbilirubinemia, while with levels >3.3g/dl was considered safe with no incidence of hyperbilirubinemia.
In Egypt, it is common that infants are discharged at less than 24 hours of age with little or no evaluation for the risk of developing jaundice or any instructions for follow-up. In fact, clinical or laboratory assessment of jaundice was almost nonexistent even among those who were discharged after the second day of life [15] .
In the era of "early discharge", in order not to fail to diagnose significant hyperbilirubinemia and start treatment on time, predicting newborns at high risk of developing hyperbilirubinemia was required.
The aim of our study was to assess whether levels of cord blood albumin and bilirubin at birth could be indicative for development of significant hyperbilirubinemia in neonates ≥35 weeks gestation.
We conducted this prospective cohort study on 75neonates ≥35 week's gestation, delivered at Kasr al Ainy Hospital during the period from February 2017 to January 2018.
With Receiver operating characteristic curve (ROC) analysis, a cord bilirubin level of 1.88mg/dl was determined to have 83.3% sensitivity and 60.6% specificity. At this critical cord bilirubin level, the negative predictive value was 74.1% and the positive predictive value was 72.9%.
Cord bilirubin could be a useful predictor for subsequent neonatal jaundice [21] . reported a cut off value of 1.74mg/dl. However , higher cut off values ranging between 2mg/dl up to 2.7mg/dl were found in other studies .This may be due to the characters of different studied groups; the cases were all full term infants, (2mg/dl) (2.54mg/dl);whilst those in our study group consisted of late preterms & full terms, or having risk factors of ABO or RH incompatibility as in, (2.1mg/dl,with 50% sensitivity% 97% specificity), (2mg/dl) & Ipek et al., (2.6mg/dl,with 50% sensitivity & 97% specificity, PPV 41.1% & NPV 97.9%) [8, 15, 17, 20, 22] . In the study group of [23] . (2.73mg/dl,with 100% sensitivity & 90% specificity) there is 71.4% of males developed significant hyperbilirubinemia.
Cord blood samples (3ml) were collected from all newborns that complied with the protocol inclusion criteria. The samples were sent for the assaying of total, unconjugated, conjugated bilirubin, albumin levels and baby's blood group and rhesus. Follow up of babies was done after 72 hrs of age for serum bilirubin (total & direct) using a venous sample.
The mean gestational age of our study population was 37.26 ±4.28 wks. Their mean birth weight was 2.87 ± 0.58kg. We found significant hyperbilirubinemia in 42 cases (56%); forty infants (53.3%) underwent phototherapy; 2 infants underwent exchange transfusion (2.7%) and 33(44%) needed no intervention at all.
Despite the majority of the studies confirming the usefulness of cord bilirubin in predicting the development of hyperbilirubinemia. It was concluded from a previous study that CB level of 2.2 mg/dl showed scant sensitivity (22.2%) but a high negative predictive value (97.4%) which excluded CB as a useful predictor of subsequent neonatal jaundice [24] . whist another study carried out by Rostami and Mehrabi in 2005 concluded that assessment of cord bilirubin level could not help identify newborns with neonatal hyperbilirubinemia [3] .
Journal of Gynecology Research According to cord blood albumin level in high risk group, using ROC curve analysis we found that the cut off level of cord blood albumin of 3 g/dl ,had a 77.8% sensitivity and 71.4% specificity in predicting positive cases , with PPV 87.5% to predict positive cases& NPV 55.6%.
In this high risk group mean cord bilirubin was 2.52±0.80mg/dl. Our results are similar to those of Zeitoun et al who recorded that the mean cord bilirubin among high risk group is significantly higher compared to group with no risk [23] . However have a mean cord bilirubin of 1.84 ± o.45mg/dl, with no significant difference in the level of unconjugated bilirubin in cord blood between children with or without maternal-fetal blood incompatibility. Ipek et al. in 2012 recorded a mean cord bilirubin of 2.05 ± 0.98mg/ dl .The difference between our results which shows a higher level and other studies may be due to higher percent of ABO & RH incompatibility cases in our study (33.3%) than in others.
By using cord bilirubin -cord albumin to predict significant hyperbilirubinemia we found that a cut-off level of cord blood bilirubin-albumin of -0.82 as obtained by ROC curve was determined to have 88.9% sensitivity, 85.7% specificity & PPV 94.1% in the prediction of occurrence of significant hyperbilirubinemia in high risk group, with NPV 75%.
ROC curve shows that the area under the curve was 0.885 of total area; p value 0.003 indicating the usefulness of the test in predicting hyperbilirubinemia .
A cut off level of cord bilirubin/albumin ratio of 0.79 in our study was determined to have 83.3% sensitivity, 85.7% specificity and PPV 93.8% in the prediction of occurrence of significant hyperbilirubinemia in high risk group, with NPV 66.7%.
We conclude that the cut off level of bilirubin/albumin level in both total & high risk group are more or less similar to each other (0.787 & 0.797 respectively). But the cut off value of high risk group had a higher sensitivity (83.3%), specificity (85.7%) and PPV (93.8%) than that of total group. We conclude from the results of our study ;that in the total group, the highest sensitivity (83.3%) was for cut off value of cord bilirubin (1.88mg/dl)with PPV 72.9%, which mean that we can predict 83.3% of patients with the disease (true positives) but 16.7% of cases with the disease go undetected (false negatives); whilst the highest specificity (84.8%) was for cut off value of cord bilirubin-albumin(-0.6)with NPV 74.1%,which mean that we can correctly report 84.8% of patients without the disease as test negative (true negatives) but 15.2% patients without the disease are incorrectly identified as test positive (false positives).
bilirubin-albumin(-0.6)with NPV 74.1%,which mean that we can correctly report 84.8% of patients without the disease as test negative (true negatives) but 15.2% patients without the disease are incorrectly identified as test positive (false positives).
We can use the bilirubin-albumin or bilirubin/albumin ratio to get the highest combination of bilirubin and albumin. In high risk group, the highest sensitivity (88.9%) highest PPV 94.1%& highest specificity (85.7%) with NPV 75%, is for cut off valueof cord bilirubin-albumin (-0.82).
Amongst, our high risk group infants, 2 cases required exchange transfusion : one of them is female,2.5kg,±38 weeks ,C/S, her blood group B+ve & maternal blood group O-ve .Her cord bilirubin level was 3mg/dl, cord albumin level was was1.9g/dl, serum total bilirubin after 72 hrs was 23mg/dl, retics 5.5% & coombs +ve. The second case was male, 1.9kg, ±35weeks,Delivered by Cesarean section (C/S), his blood group is A+ve & maternal blood group is O+ve, cord bilirubin level was 2.5mg/dl, cord albumin level was 1.3g/dl & serum total bilirubin after 72hrs was 21mg/dl,retics 8% & coombs +ve.
In an attempt to obtain a test with higher sensitivity and specificity than either the cord albumin or bilirubin alone, we decided to use them in combination. Hence, we are the first study to use cord bilirubin-albumin and cord blood bilirubin/ albumin ratio.
We found that a cut-off level of cord blood bilirubin-albumin of -0.6, as obtained by ROC curve analysis, was determined to have 73.8% sensitivity, 84.8% specificity & PPV 86.1% in the prediction of occurrence of significant hyperbilirubinemia in total group. Moreover, ROC analysis for bilirubin/albumin ratio in the total group a cut off value of 0.78 with identical sensitivity and specificity PPV and NPV to bilirubin-albumin.
To our knowledge , this is the first study to investigate these 2 parameters, we think they are useful because they have a higher specificity and PPV and NPV than either the bilirubin or albumin cut off levels used separately.
In this study there are 25 cases(33.3%) were considered at high risk for development of significant hyperbilirubinemia due to they have ABO or RH blood group incompatibility with their mothers .
Although the ideal (but unrealistic) situation is for a 100% accurate test, a good alternative is to subject patients who are initially positive to a test with high sensitivity/low specificity, to a second test with low sensitivity/high specificity. In this way, nearly all of the false positives may be correctly identified as disease negative.
The highest PPV in both total (86.1%) & high risk group (94.1%) is for cut off valueof cord bilirubin-albuminwhich is -0.6, -0.82 respectively.
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• Bilirubin production is elevated because of increased breakdown of fetal erythrocytes. This is the result of the shortened lifespan of fetal erythrocytes and the higher erythrocyte mass in neonates [27, 28] .
• Hepatic excretory capacity is low both because of low concentrations of the binding protein ligandin in the hepatocytes and because of low activity of glucuronyl transferase, the enzyme responsible for binding bilirubin to glucuronic acid, thus making bilirubin water soluble (conjugation).
• Physiologic jaundice of the newborn is also referred to as neonatal hyperbilirubinemia and neonatal jaundice. • Significant jaundice was defined according to gestational and postnatal age and leveled off at 14 mg/dL (240 µmol/L) at 4 days in preterm infants and 17 mg/dL (290 µmol/L) in the term infants [29] .
• Cord blood albumin & bilirubin can be used as an early useful indicator to predict significant hyperbilirubinemia in neonates • Researches on large scale should be done for more clarification of the predictive value of cord blood albumin and bilirubin for early prediction of significant hyperbilirubinemia. • The value of screening infants for jaundice before hospital discharge for risk assessment and in order to allow safe early discharge for the baby and to prevent readmission. • Education to parents to provide early seeking of medical advice, To minimize the high level of bilirubin seen on admission Neonatal physiologic jaundice results from simultaneous occurrence of the following two phenomena . [26] .
Recommendations
Our The present study included only late preterms & full term babies (≥ 35 wks)with no preterms ≤34wks included in our study which give no chance to test the predictive value of cord blood albumin & bilirubin for development of significant hyperbilirubinemia in preterms in general. So further studies needed on preterms with a GA less than 35 weeks.
The current AAP guidelines (Pediatrics 2004) for managing healthy jaundiced term and near-term newborns recommend the use of the total bilirubin concentration(TBC)/albumin ratio in addition to the TBC. However a lower than expected albumin level at least alerts the physician to the possible need for intervention at lower than usual TSB levels.
It is important to recognize that sensitivity, specificity and predictive values are not intrinsic test characteristics, but depending on the studied population and therefore not necessary applicable outside this context in other populations. The sensitivity of these tests with a NPV of 66.7% for cord bilirubin/albumin ratio is too low, so these parameters cannot be used for screening purposes because of the high number of false negatives.
Albumin is synthesized in the liver. It binds unconjugated bilirubin and helps in the transport. Low production of albumin probably caused by liver immaturity will lower its transport and binding capacity. Determination of CBA in at risk neonates will help to prevent the complications associated with NH.
